The amateur tattoo can be done by any sharp object like a needle or a sharp piece of bone. The professional tattooing technique depends on the country where the tattoo is performed. In Japan, the artist usually uses needles put together into a wooden handle, called hari, while for the Polynesian technique uses a sharp rake held by a handle that the artist will tap using a rigid piece of bamboo. In the western world the artist will use preferably the electric tattooing machine developed by Riley at the end of the 19 th century. It consists of an electric motor driving a crankshaft similar to that of a sewing machine, which operates a metal stylus with a single needle or array of needles at its tip. The pigment is injected just below the epidermis and within ten to fourteen days tends to migrate deeper into the dermis for as an yet unknown reason.
Introduction
The origin of tattooing among humans is as old as humanity itself (1) . Tattooed human bodies have been found, as old as 5,000 years BC for the Bronze Age hunter, (nick-named Ötzi), discovered on the borders of Austria and Italy, frozen into a glacier. Indirect proof of 35,000 years old also exists in the caves of Arcy-surCure in France. When man was nomadic, tattooing carried a tribes' laws but within the advent of writing, this use has been lost. Nowadays, tattooing has become fashionable, but human beings still change their body images and evolve psychologically with age. With this comes the request to remove tattoos. The main reasons for removing tattoos are enhancement of self-esteem and social, work or family reasons (2) . Pigment can sometimes be found into the subcutaneous fat, tendon sheath and lymph nodes.
The phenomenon of tattooing has become more and more popular in the last 25 years. To the traditional decorative tattoo we have to add the so called "permanent makeup" which is nothing else but tattoo on the face, usually on the eyebrow, eyelids and lips. A recent survey done in Germany showed that 23% of the population aged 15 to 29 has at least one tattoo. Many different kinds of removal methods have been used throughout the centuries, such as chemical (3, 4) , mechanical (5), surgical (6) and thermal (7) . All these techniques left some kind of hypo or hyperpigmentation as well as scarring. With the advent of lasers in the late 1960s the outcome of tattoo removal completely changed. Due to its specific absorption by the pigment itself, the actual gold standard for tattoo removal are Q-switched lasers. We will report here our almost 15 year experience with these lasers, with emphasis on the benefits but also on the caveats of their use.
The old age of lasers
The first usable laser was a ruby that was developed by Maiman in 1960 (8) . After having used the ruby laser on normal skin (9) , Leon Goldman published his first report of the use of a Q-switched ruby laser on a tattoo (10) . Encouraged by the good results, he then published a study comparing the effects of three lasers on tattoos, Q-switched ruby, Nd-YAG and Argon. The results were remarkable, especially the Qswitched ruby, with hypertrophic scarring in only 3 patients out of a total of 116 (1.85%). Unfortunately, though, this study makes no mention of the cosmetic results with respect to percentage pigment clearance. Though the results of the early work of Goldman et al. were encouraging with the Q-switched ruby laser, the technique was abandoned for almost 20 years. The reasons were mainly technical and commercial. The Q-switched ruby laser at this time, was expensive to buy and maintain. It was more a lab system than a laser which could be used in daily dermatological clinics.
During the 1970s and 80s, two laser systems, called Continuous Wave (CW), CO 2 and Argon, became popular among independent practitioners. They were small, affordable and could be used for multiple dermatological indications. The CW CO 2 was used as an ablative tool for various indications (11) and the CW argon was the first laser used to treat vascular conditions, e.g. port-wine stains (12) . One study resumes the final cosmetic outcome in removing tattoos with the CW CO 2 laser (13) . Even though the CO 2 laser gave more acceptable results than chemical or mechanical methods, there was still unacceptable scarring. CW lasers were capable of removing pigmented lesions by ablating or coagulating superficial portions of the skin, but their non-specific tissue effect often led to unpredictable textural or pigmentary changes (14, 15) .
Q-switched laser and tattoo particles interaction
In 1983 Anderson and Parrish proposed a theory for laser-induced injury confined to microscopic sites of selective light absorbtion in the skin, such as blood vessels and pigmented cells or tattoo particles, with minimal damage to the surrounding tissues. This theory of selective photothermolysis and the concept of thermal relaxation time revolutionised cutaneous laser therapy (16) . Tattoo pigments, which consist of insoluble, sub-micrometers -sized particles that are phagocytosed by dermal cells, react almost the same way as melanosomes. Tattoo particles, sometimes grouped in granules and packed into vacuoles from 0.1 to 10 microns in diameter, are endocytosed by fibroblasts as well as macrophages in the dermis and sometimes in the subcutis. The smaller size groups (up to 0.20 microns in diameter) tend to be in the fibroblasts cytoplasm while the larger ones (up to 2.0 microns in diameter) are stored into the cell body of macrophages in the vincinity. It is believed, but not completely proven, that fibroblasts taking up and storing the ink particles move poorly and are almost fixed in the connective tissue. The tattoo therefore does not change markedly (17) . Does it mean that a fibroblast has the same life expectancy than us? If not, when the fibroblast containing the tattoo particle is dying what are the biological messages making a young fibroblast come at the same place and incorporate the tattoo particles? This answer is still open.
Melanosomes, like tattoo particles, are little targets with a thermal relaxation time around 10 -6 sec (18).
The absorbtion of light pulses by the tattoo pigments is the first and most important step. If there is no absorbtion, there is no reaction. Immediately after impact, the epidermis looks white which corresponds to gas formation. This whitish colouration disappears spontaneously within minutes. The tattoos pigments absorb the short laser pulses, 10 -9 sec, so called Q-switched. This produces very high light intensities up to gigawatts. Inside the pigments, this light is converted into heat within nanoseconds, producing an increase in temperature above 1000 °C (photothermal effect). This rapid thermal expansion produces shock waves and a potential localized cavitation, so called photoacoustic shock which leads to a particle fragmentation and selective death of pigment containing cells. There is also at the same time a breaking in the chemical bonds inside the pigment (photochemical effect). The inflammatory reponse that follows this process probably engulfs the cells debris as well as the fragmented tattoo pigments. This process of inflammation and phagocytosis might reduce the overall amount of tattoo pigment into the dermis. These particles, as well as their decomposition products, are usually found in regional lymph nodes. Some of the fragmented particles stay in place within the dermis, but as they are redistributed by the laser photoacoustic shock, their dermal scattering coefficient changes and they look less visible to the naked eye as they are located deep in the dermis. Finally, the only part of the pigment which is really eliminated from the body is a very superficial one as it is eliminated by desquamation of epidermis during its repair (19, 20) . This phenomenon is called transepidermal elimination.
Based on this knowledge, the first real nonscarring tattoo removal was demonstrated in Scotland by Reid et al. (21) . Later on other teams refined the technique and used other Q-switched lasers (22, 23) .
Benefits of the use of Q-switched lasers
It is well established that the Q-switched lasers are the gold standard in lasers to remove tattoos (Figs. 1 and 2). Four wavelengths are available: double frequency Nd:YAG at 532 nm, ruby at 694 nm, alexandrite at 755 nm and Nd:YAG at 1064 nm. Pulse duration is usually between 10 and 100 nsec. Blue-black, carbon based, amateur tattoos respond best, in 3 to 5 sessions either to Q-switched ruby, alexandrite or Nd:YAG, while professional tattoos containing more pigment of various composition could require 10 to 15 sessions (24, 25) . Traumatic tattoos, such as gravel particles can also be treated (26) . Caution must be taken with gunpowder or fireworks tattooed debris as the laser impact can cause a microexplosion into the skin and provoke pox-like scars and the dispersion of pigment (27) (28) . Double frequency Nd:YAG at 532 nm is more suitable for removing red colour tattoos (29) . Qswitched ruby (694 nm) and alexandrite (755 nm) are more efficient in removing green and blue colours than Q-switched Nd:YAG (1064 nm) (30) .
Recently, new indications have been described for the use of Q-switched lasers. Removing amalgam tattoos, which consist of the deposition of metallic particles (eg, silver, mercury, copper, zinc, and tin) into the oral mucosa with the Q-switched alexandrite (31) . This indication will also work well with Q-switched ruby or Nd:YAG. Clearing up brown discolorations after parenteral iron injections (32) . Some various hyperpigmentations have also been successfully triedpostsclerotherapy (33), antimalarial (34) and imipramine (35) hyperpigmentations. Another form of hyperpigmentation, due to minocyclin intake, has also been improved by the Q-switched ruby (36) .
Caveats with the use of Q-switched lasers
The vast majority of caveats with the use of Qswitched lasers are due to pigments. If the pigments used were only made with carbon, such as Indian ink, charcoal, or magnetite (Fe 3 O 4 ), the vast majority of problems would be avoided. Tattoo inks are the leastregulated substances injected into people within our society. No law exists regarding their purity, pharmacology or biodistribution. As with any new ink, it could have possible devastating unknown new side effects and could be put on the market at any time due to this lack of regulation, European countries as well as Switzerland are starting to react and will soon propose guidelines which may become law (37) .
Generally tattoo pigments are well tolerated by the skin if we look at the millions of tattoos done yearly in the world and the quite low rate of complications. However, there is no obligation to report by law any side effects due to tattooing. Consequently, there is no real survey available for the public health community. Nevertheless, adverse reactions are well known, the most frequent being allergies, some others being due to pigment itself, such as pseudolymphoma or lichenoid reactions. The colours mostly implicated in allergic reactions are red (38, 39) , even with organic pigment, yellow, especially if exposed to UV light (40) , and green (41) . Tattoo pigments have evolved a lot within the last 15 years having had the removal of metallic compounds such as cinnabar, cadmium, chrome cobalt etc. This has diminished, but has not entirely been able to avoid allergic reactions. There is no pigment specifically dedicated for tattooing. People must be aware that they are getting tattooed with pigments made by the chemical industry to dye clothes, paint road signals or car bodies. Finally, the main problem that we are facing are unwanted reactions to pigments when tattoos are being treated by Qswitched lasers. We will divide these adverse reactions into two groups: a) real side effects and b) resistance of pigments to Q-switched lasers.
Side effects with the use of Q-switched lasers on tattoos
The first side effect published with Q-switched lasers was darkening of the pigment in 1993 (42) (43, 44) . Any tattoo pigment can darken not only flesh ones, into any colour, e.g a red tattoo might darken to green, which will be very resistant to removal (see below). This darkening phenomenon has become so frequent that every time we have to deal with removing a tattoo on a visible area (e.g. the face) we will first propose a test spot on a covered area. The patient has to go back to the tattoo shop and ask for the same pigment to be tattooed in the axilla. After a month, a Q-switched laser test spot is performed on this limited area. If darkening occurs then the face is of course not treated. The test spot can easily be removed by surgical excision with a minimal visible scar. When darkening occurs it is usually difficult to remove the darkened pigment (Figs. 3 and 4) . It requires the use of multiple lasers, Q-switched or even ablative ones, Ultrapulse CO 2 (UPCO 2 ) or pulsed Erbium-YAG (45) . Sometimes darkening can be used as a therapeutic advantage (46) . Another possible mechanism for explaining darkening is the possible role of titanium dioxide (47) . This compound, which is an increasingly popular white ink, is used to enhance the brilliance of tattoos (48) .
Another frequent side effect is scarring following treatment of multiple layered tattoos (49) . Many tattooed people have "double" tattoos, that is so to say that a second tattoo is used to cover the first one which the patient may not have liked. Finally he (she) dislikes even the final design and wants everything to be removed. This technique is called "retattooing" (50) . But he (she) often forgets that the final tattoo in fact covers another one. Patients with a tattoo should always be asked if they have a retattooed motif. The scarring phenomenon occurs probably because of the high density of pigment in this type of tattoo and the very strong absorption of energy by it. This produces heat so intense that it causes damage even to the surrounding dermis. Retattooing can also be a possible cause of resistance to pigment as both tattoos have not been done at the same time by the same artist. Different pigments have been used, increasing the difficulty of removal by Q-switched lasers.
Allergy to pigments has already been briefly discussed. Sometimes allergy to red pigment can successfully be treated by removing the pigment by Qswitched laser at 532 nm (51) (Figs. 5, 6 and 7 ). This will also remove the tenderness as well as the itching due to the allergy. But one must be aware of possible rare allergic reaction after using the Q-switched laser, either immediate (52) or delayed (53) . The possible mechanism of these allergies is that the fragmented tattoo particles have been expelled from the intracellular compartment where they usually are. Becoming extra-cellular and possibly modified by the laser impact they are recognised as a foreign body. The physician dealing with removing tattoos with Q-switched lasers must always be aware of these possible allergic reaction after laser treatment and be ready to manage them.
A last rare complication is the appearance of a chrysiasis after laser therapy. Chrysiasis is a bluegray skin discoloration that occurs in sun-exposed areas of some patients who receive gold salt. Localized chrysiasis after the use of Q-switched laser for treatment of post-inflammatory hyperpigmentation has been reported (54) . The Q-switched laser impacts resulting in structural alteration of the gold deposits which is similar to what happens after UV-exposure. This results in a blue-gray colouration on the area treated with the laser. This situation can be improved by the use of long-pulsed laser (normal mode ruby laser) (55) .
Resistance of pigments to Q-switched lasers
Resistance of pigment to available lasers is a key problem. As already mentioned 4 different wavelengths are available for Q-switched lasers: 532nm, 694 nm, 755 nm and 1064 nm. The laser wavelength must be absorbed by the pigment to interact with it and promote the photoacoustic shock already described. If there is no absorption, nothing will happen. A recent study by Bäumler (56) on composition of tattoo pigment showed that some colours, like yellow, have their absorption peak in a range where no laser exists, at 480 nm. It is no wonder why yellow pigments respond so poorly to Q-switched laser treatment. Over the 41 coloured substances analysed, 16 represented individual chemicals of structured well-known organic pigments. The problem is that these different chemical compounds are mixed together, with very often the addition of titanium dioxide, to create a coloured substance which will be used by the tattoo artist. Very often he or she will mix these already complex compounds with other complex pigments to obtain the final colour. Two tattooed colours which look similar can be made with two completely different compounds. Transmission electron microscopy (TEM) from the same pigment can show particles of completely different size and shape, depending on the tattoo supplier. When we know that Q-switched lasers work by interacting at a physico-chemical level with tattoo particles we can conclude that it is simply impossible to guess which tattoo will respond in a favourable manner to Q-switched laser only by looking at it. The mixture of different compounds and the addition of titanium dioxide make modern, recent decorative tattoos more resistant to laser removal.
The management of these resistant pigments should be explained very clearly to the patient and should be made aware that some colours may resist, especially yellow, green and blue, and some could darken and then resist, especially flesh ones. In case of a multi-colour tattoo treatment it is best to perform first a spot test on suspicious areas (57) . It is of course best to choose a motif which will have no resistant or potentially darkened area. If this is not possible, these non-responsive areas should be very limited in sizeless than 10% of the total surface of the tattoo. If it is larger than 10%, it is best not to start with the Qswitched laser treatment at all, for economical reasons. Other techniques (surgical, chemical) can then be chosen on a primary intention, knowing that they will leave scarring and dyschromia behind. When we are facing with a limited area which has resisted or has darkened, we usually choose to treat these areas with a combination of ablative lasers, UPCO 2 and pulsed Erbium-YAG (Figs. 8, 9 and 10 ). This is a multiple session treatment. At each session an ablation of 100-200 microns is performed with the Erbium-YAG laser. The UPCO 2 is used sparingly to coagulate dermal blood vessels when necessary. This will remove a good amount of the pigment included in this thickness by transepidermal elimination. A case report has recently been published in this direction with the use of the UPCO 2 only for removing a lip-liner tattoo (58) . Reepithelisation is promoted the same way as after a resurfacing. Each session is spaced 1-3 months apart, each session trying to go a little deeper than the previous one. Due to the very limited amount of thermal damage created by the Erbium-YAG laser, it is possible to end up with a good global percentage of pigment removal and an acceptable final scar. The fibrosis occurring with scarring alters the dermal scattering coefficient resulting in obscuring of deeper pigment also contributing to enhance results (19) . Caution should be taken not to per- form ablation too deeply by trying to remove all pigment at each session to avoid vicious scars.
Future
We see three main ways to improve the future for unwanted or complications from tattoos:
1. Improving the clearance of tattoo ink particles after laser treatment by better understanding the intimacy with the elimination of pigment. It is not clear yet what are the exact mechanisms of pigment elimination. We know that pigment fragmentation plays a major role but this pigment is rephagocytosed by somatic dermal cells within a few days (19) . It becomes "invisible" due to changes in its molecular configuration but it is not really eliminated from the body. Some other mechanisms are involved in pigment elimination like transepidermal elimination and lymphatic transport. Any method which could enhance these ways of pigment elimination would increase clearance. Unfortunately at the present time, the majority of published studies do not succeed to do so (59) .
2. Promote the use of safer, chemically wellknown pigments, which could be eliminated by available Q-switched laser systems. Firstly it would be a good idea to remove from the market inks which are difficult to remove and which can cause antigenic and or toxic effects. Unfortunately, tattoo inks are very poorly regulated if at all. A swiss taskforce is working on such a possibility and will insist on finding safe inks, which ideally will be harmless to the patient and easy to remove by existing lasers. These inks must of course have good "behaviour" in the skin from a tattooist point of view to bring out a nice design when injected. An interesting idea going in this direction has been recently reported by Huzarai and Anderson (60) . They injected into rats' skin an ink made with magnetite (Fe 3 O 4 ) which is jet-black. It can easily be manipulated by Q-switched lasers as well as external magnetic fields. The tattoos were very stable and healed easily. When they applied a magnetic field for 3 weeks after laser treatment -just by sewing a magnet on the animal's skin -they could increase significantly the amount of particle accumulated at the area where the magnet was put. In addition, if the epidermis was not intact after the laser treatment, there was an increased amount of eliminated pigment by this way. It could be possible by choosing the right ink composition and some additional methods, to increase significantly ink removal when laser is performed. It would also reduce the rate of complication due to the use of potentially toxic pigments with or without the use of Q-switched lasers.
3. Optimizing the laser tattoo ink interaction by using pico lasers and thus reducing the number of laser sessions and also improving the final cosmetic aspect. Actual Q-switched assessment for the thousands of people treated by this means. These Q-switched lasers cause a thermal effect on tattoo particles with minimal thermal damage to the surrounding tissue. This is called thermal confinement. After this thermal damage, thermoelastic expansion of the target occurs, resulting in mechanical stress. By confining thermal and photomechanical damage to the target particle, more effective tattoo removal would occur. This is called inertial confinement. To achieve this, each pulse should be delivered within the time in which pressure can be released from the ink particle. This is possible with picosecond (10 -12 second or trillions of a second) pulse duration. Studies on animals (61) and humans (62) have been performed and they demonstrate that picosecond lasers show a better pigment removal than nanosecond ones. Computer simulations have also been performed and have confirmed that for the same amount of energy delivered, a shorter pulse is more efficient. Consequently the optimal pulse length seems to be approximately 10 to 100 picosecond (63) . Laser companies should then be encouraged to develop a picosecond laser for tattoo removal.
Conclusion
Within the last 10 years, Q-switched laser systems have enormously improved the aesthetic result of tattoo removal and we better understand the mechanisms of pigment elimination. But we are now facing another challenge. As tattooing is becoming more and more popular there is an increasing amount of people requesting tattoo removal. With new flashy inks of unknown composition coming onto market, the use of these lasers becomes disappointing for the physician due to potential complications (e.g. darkenening) and pigment resistance. On the other hand, people have a tendency to believe in lasers as if they were magic wands. Some think that with one or two laser sessions any kind of tattoo can be completely and safely removed. It is time now to find pigments which can be injected safely into the skin, without causing any adverse reaction, with or without the use of lasers. Of course, if in the near future any tattoo can be removed safely and easily, tattooing will lose a big part of its symbolism, by not being "for life" anymore. But due to the high percentage of the population being tattooed and having the possibility of choosing a safe and easily removable pigment is also a question of public health.
Tätowierungsentfernung mittels LaserVorteile und Vorbehalte
Seit Beginn der Menschheitsgeschichte gibt es Tätowierungen, aber auch den Wunsch, diese zu entfernen. Nachdem viele Jahre lang narbenbildende Verfahren angewendet wurden, kam das Zeitalter der Laser. Anfänglich wegen ihrer Größe und Komplexität aufs Labor beschränkt, verursachten die ersten Systeme noch thermische Schädigungen und damit Narbenbildung und Dyschromie. Im Laufe der letzten 10 Jahre sind gütegeschaltete Lasersysteme zur Anwendung gekommen, die minimale oder keine Schädigungen hinterlassen. Mit diesen Systemen können manche Tätowierungen -je nach verwendeten Pigmenten -ohne Narbenbildung, Hypo-oder Hyperpigmentierungen entfernt werden. Bei Anwendung dieser Laser ist darauf zu achten, dass es nicht zu Komplikationen wie dunkler Hautverfärbung kommt. Auch sollte der Anwender sich darüber im Klaren sein, dass einige Pigmente auf eine Laserbehandlung nicht ansprechen. In unmittelbarer Zukunft sind große Anstrengungen zu unternehmen, um sicherere Farbstoffe zu finden, die gegen eine Behandlung mit den heutzutage üblichen Lasersystemen nicht resistent sind.
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